The larvicidal activity of the essential oils from leaves of five species of Lippia (L. alba, L. aff. gracilis, L. gracilis, L. microphylla and L. nodiflora) was studied on third instar larvae of Aedes aegypti. The larvae were exposed to serial concentrations from 500 to 12.5 μg/mL of the essential oils. The results indicate that the oil of L. gracilis has a higher larvicidal activity with a LC 50 of 26.3 μg/mL The results suggest the use of these essential oils as natural larvicidal agents.
Mosquitoes serve as vectors of several diseases causing serious health problems to humans. Aedes aegypti Cham. is responsible for the transmission of yellow fever in Central and South America and in West Africa. It is also the vector of dengue hemorrhagic fever, which is endemic to South East Asia, the Pacific Islands area, Africa and the Americas [1] . The development of resistance towards chemical insecticides and environmental pollution initiated a search for alternative control measures. Natural products from plants were reported as sources of insecticidal agents [2] . Mono and sesquiterpenes, and aromatic phenols are the major constituents of essential oils and are already known to have insect repellent properties [3] .
The genus Lippia (Verbenaceae) is constituted of approximately 200 species including herbs, shrubs and small trees. These species are mainly distributed throughout South and Central America, and Tropical Africa [4] . Most of them are traditionally utilized, in the form of leaf decoctions, for the treatment of gastrointestinal and respiratory disorders. Some Lippia species have shown antimalarial, antiviral and cytostatic activities. The leaves from the majority of these species are utilized as seasoning for foods and, in folk medicine, as antiseptics [5] . Some species present variable oil composition and the differences can often be used to separate them into several chemotypes. The literature reports three different chemotypes (I, II and III) for L. alba (Mill.) N.E. Brown [6] . The chemical composition of the essential oils of L. alba [4, 7, 8, 9] , L. microphylla Cham. [10] , L. gracilis H.B.K. [10] , L. nodiflora L. Greene [4] and L. affinis gracilis H.B.K. [11] have been reported.
The purpose of the present study was to evaluate the activity against A. aegypti larvae of the essential oils from five species of Lippia: L. .alba (chemotypes II and III), L. aff. gracilis, L. gracilis, L. microphylla and L. nodiflora from Ceará State, Brazil.
The essential oils from the leaves of L. aff. graclis, L. gracilis, L. alba (chemotype II and chemotype III), L. microphylla and L. nodiflora were obtained in yields of 0.5%, 1.9%, 0.6%, 0.5%, 2.2% and 0.1%, respectively. The oils were analyzed by gas chromatography coupled to mass spectrometry and the major constituents are summarized in Table 1 . Table 2 shows the observed results of mortality (%) against third instar larvae of A. aegypti with the essential oils and their major constituents: thymol, carvacrol and 1,8-cineole. The essential oils evaluated, except that of L. nodiflora, showed high larval mortality in concentrations of 500, 250 and 100 μg/mL, revealing their toxic effect and a reasonable activity of the essential oils of L. alba and L. gracilis at a lower concentration (50 μg/mL).
The LC 50 values of all the tested essential oils, and thymol, carvacrol and 1,8-cineole were calculated using probit analysis [12] (Table 3 ). According to these values, the essential oils of L. aff. gracilis, L. gracilis and L. microphylla, all containing thymol and carvacrol (Table 1) , showed a very good larvicidal activity, with LC 50 values ranging from 26.3 to 75.9 μg/mL (Table 3 ). Furthermore, the most active tested essential oil in this series was L. gracilis (Table 3) , with carvacrol and thymol (Table 1) as major components and working synergistically to increase the larvicidal activity. L. nodiflora, with camphor and p-cymene as the main components, and an LC 50 of 107.1±0.4 μg/mL (Table 3) , showed moderate activity in comparison with the others species tested. There is no report of these compounds being larvicidal.
These results suggest that the essential oils from the leaves of L. alba (chemotype II and chemotype III), L. aff. gracilis, L. gracilis and L. microphylla are promising natural larvicidal agents against A. aegypti and show that the use of essential oils from Lippia species in insect control is an alternative method which reduces the toxic effects of some pesticidal compounds on the environment. [16] . 
Extraction of essential oils:
Fresh leaves of all specimens, were separately subjected to hydrodistillation for 2 hours in a Clevenger-type apparatus. The obtained essential oils were dried over anhydrous sodium sulfate and stored under refrigeration until tested.
GC-MS:
The analyses were carried out on a Hewlett-Packard Model 5971 GC/MS using a non-polar DB-5 fused silica capillary column (30 m x 0.25 mm i.d., 0.25 μm film thickness); carrier gas helium, flow rate 1 mL/min and with split mode. The injector temperature and detector temperature were 250ºC and 280ºC, respectively. The column temperature was programmed from 35°C to 180ºC at 4ºC/min and then 180°C to 250ºC at 10ºC/min. Mass spectra were recorded from 30 -450 m/z. Individual components were identified by matching their 70 eV mass spectra with those of the spectrometer data base of the Wiley L-built library and two other computer libraries, using retention indices as a preselection routine [17, 18] , as well as by visual comparison of the fragmentation patterns with those reported in the literature [19, 20] .
Mosquito larvicidal assay:
Aliquots of the essential oils (12.5 to 500 μg/mL) were placed in a beaker (50 mL) and dissolved in H 2 O/DMSO 1.5% (20 mL). Instar III larvae of A. aegypti (50) were placed in each beaker. After 24 hours, at room temperature, the numbers of dead larvae were counted and the lethal percentage calculated. A control using H 2 O/DMSO 1.5% was carried out in parallel. For each sample, three independent experiments were run [21] . The bioassays were performed at the Laboratório de Entomologia, Núcleo de Endemias da Secretaria de Saúde do Estado do Ceará, Brazil.
